A rapid and simple stability-indicating liquid chromatographic method was developed and validated for analysis of mesna in the presence of its degradation products in drug substance and drug products in a run time not >5 min. The separation was achieved on a RP amide C 16 column at room temperature using methanol -phosphate buffer (10:90, v/v, pH 3.0) as mobile phase at a flow rate of 1 mL min 21 and UV detection at 210 nm. The detector response for mesna was linear over the selected concentration range from 50 to 1000 mg mL 21 with a correlation coefficient 0.9998. The limit of detection and the limit of quantitation were 7.5 and 22.7 mg mL 21 , respectively. The solution was stable for at least 5 days. Baseline resolution between mesna and its degradation products was achieved. Diode array detection peak purity tests showed no peak interfered with mesna peak. Moreover, the method was successfully applied for the determination of mesna in two different commercially available drug products.
Introduction
Mesna (sodium-2-mercaptoethane sulfonate) is an effective compound used for the prophylaxis of urothelial toxicity (uroprotector) in patient being treated with oxazaphosphorine, ifosfamide and cyclophosphamide. The unchanged mesna in urine has free thiol group that react with ifosfamide and cyclophosphamide including acrolein considered to be responsible for the toxic effect on bladder (1). Mesna does not block the antitumor action of oxazophosphorines due to its rapid formation of the inactive dimer, dimesna, in the bloodstream (2) . The active monomer is formed back from dimesna in the renal tubule cells, thereby binding the toxins harmful to the genitourinary tract. The rest of mesna, detectable in the blood through a prolonged period of time, is potentially able to react with the 4-hydroxy metabolite of oxaphosphorines (toxic metabolite) (3) .
Furthermore, mesna has been used for a long time as a mucolytic agent that breaks the disulfide bonds of mucous polypeptide chains (1) .
Several high performance liquid chromatographic (HPLC) methods involving an initial derivatization step have been published for the analysis of mesna in biological samples (4 -8) . However, these methods were not easily applied because the extra derivatization step was not favored for routine analysis and the commonly found problem of higher than desired RSD values for the derivatization methods. To the best of our knowledge, there is no HPLC method for determination of mesna in injection product.
Other analytical methods that have been reported for the determination of the studied drug in drug products include: chemiluminescence determination (9) , vibrational spectroscopic studies (10) , spectrophotometric methods (11) (12) (13) and kinetic fluorimetric determination (14) . However, no method is considered stability indicating in addition to the lack of selectivity. The present work overcomes the drawbacks of initial derivatization step either in HPLC or in spectrophotometric methods (4 -8, 11) . Moreover, it is considered a direct specific method for the determination of mesna in drug substance and drug product so that overcoming the inselectivity of indirect spectrophotometric methods (12, 13) .
The aforementioned HPLC methods for the determination of mesna did not achieve the selective separation of forced degraded species from drug substance; therefore, the main objective of this work is to develop a novel validated simple and rapid HPLC method for the determination of mesna in the presence of its degradation products under different stress conditions. Experimental Instrumentation 1. HPLC (HP-Agilent) instrument was equipped with a model series 1200 series LC pump, Rheodyne 7725 injector with 20 mL loop and a UV detector. Separation and quantitation were made on amide C16, (4.6 Â 150 mm), 5 mm particle size, USK36776-44 (USA). Hamilton syringe (50 mL), the detector was set at l ¼ 210 nm. The instrument was connected to an IBM compatible PC and HP disk jet printer.† Sodium hydroxide (BDH, UK): 1M prepared by dissolving 4 g of NaOH in 100 mL water. † Hydrochloric acid (Adwic): 0.1M prepared by diluting 4.5 mL of HCl 37% in 500 mL water. † Hydrogen peroxide 30%, Ortho-phosphoric acid 85% and Methanol (Sigma Aldrich). † Double distilled water filteraed through a 0.45 mm membrane filter.
Chromatographic conditions
The analyses were carried out on RP amide C 16 column (150 Â 4.6 mm, 5 mm), Supelco, USA, as a stationary phase. The mobile phase was prepared as methanol/phosphate buffer 10:90 (v/v). The apparent pH was adjusted to 3 with ortho-phosphoric acid then filtered through 0.45 mm membrane filter and degassed for 30 min in an ultrasonic bath prior to its use. The flow rate was 1 mL min
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, the wavelength was 210 nm, and the injection volume was 20 mL. All the analysis was carried out at ambient temperature, the run time was 5 min, and the quantitation was performed using peak area counts.
Stock solutions
An accurately weighed 25.0 mg of mesna was dissolved in distilled water and mixed well into 25 mL volumetric flask.
General procedure
Construction of the calibration curve Aliquots of the stock standard solution equivalent to 0.5 -10.0 mg of mesna were transferred into a series of 10 mL volumetric flasks and diluted with distilled water. 20 mL aliquots of each solution were injected in triplicate and eluted with the mobile phase under the mentioned chromatographic conditions. The calibration curve was constructed by plotting the peak area against the concentration using linear regression analysis.
Procedure for the determination of mesna in drug products For both pharmaceutical preparations, the contents of 10 ampoules of each sample injection solution were mixed. 1 mL of sample injection solution equivalent to 100 mg of mesna was transferred accurately into 100 mL volumetric flask. The content of the flask was completed to 100 mL with distilled water and mixed well. A solution containing 0.4 mg mL 21 of mesna was prepared by suitable dilution and 20 mL aliquots was injected and eluted with the mobile phase under the mentioned chromatographic conditions.
Procedure for the preparation of mesna degradants solutions Mesna acidic and alkaline degradants solutions: An accurately weighed 40.0 mg of mesna was transferred separately into two rounded flasks, 10 mL 0.1N NaOH, 10 mL 0.1N HCl were added, respectively. The solutions were refluxed at 908C for 1 h and then cooled. The solutions were transferred into two 100 mL volumetric flasks and neutralized with pre-calculated volume of 0.1N HCl and 0.1N NaOH, respectively, and then made up to volume with distilled water.
Mesna oxidative degradants solution: An accurately weighed 40.0 mg of mesna was mixed with 10 mL 1.0% hydrogen peroxide. The solution was kept at ambient temperature for only 5 min followed by sonication. Since mesna is rapidly and easily oxidized forming a disulphide link (16) . The solution was then transferred into 100 mL volumetric flask and then made up to volume with distilled water. 
Mesna photo degradants solution:

Results
HPLC greatly reduces the analysis time and allows the determination of many individual components in a mixture using a single procedure (17) . Early method development highlighted limitations placed on the chromatography due to the physicochemical properties of mesna.
Regarding the stability indicating study, the current International Conference on Harmonization (ICH) guidelines require that stability analysis should be done by using stability indicating assay methods, developed and validated after stress testing on the drug under a variety of conditions, including hydrolysis at various pHs, oxidation, photo and thermal degradation (18) .
Optimization of chromatographic conditions
To investigate the chromatographic performance, four columns had been tried; including Hypersil ODS-C18 column (250 Â 4.6 mm i.d., 5 mm particle size), Thermo, USA, Zorbax Rx C8 column (250 Â 4.6 mm i.d., 5 mm particle size), Agilent, Germany, Nuclosil phenyl column (250 Â 4.6 mm i.d., 5 mm particle size), Macherecy-Nagel, USA and Supelco RP amide C16 column, (150 Â 4.6 mm, 5 mm), USA.
Experimental studies revealed that, the first three columns were found to be very weak retentive for mesna. As for very polar compounds as mesna that cannot be retained on traditional C18 phases, less hydrophobic column such as polar embedded stationary phase could be used (19) . While the fourth column, an amide C16 column was used, the column is manufactured with a polar amide functionality located between the C3 and C4 members of the C16 alkyl chain. The amide functionality is able to take part in polar interactions between the phase and the analytes resulting in a column with unique selectivity, excellent retention and resolution for mesna (20) . It was the most appropriate, giving symmetrical well defined peaks and allowing good separation and resolution of mesna and its degradation products within a reasonable run time. The mobile phase composition was optimized to afford sufficient selectivity and sensitivity in a short separation time. As the UV absorbance of mesna is too weak for quantitation above 210 nm, the mobile phase composition was limited to methanol or acetonitrile as the organic solvent and phosphate as the pH buffer due to their low UV cutoffs. Several modifications of mobile phase composition were performed in order to study the possibilities of changing the selectivity of the chromatographic system. These modifications included: the change of the type and ratio of organic modifier, the pH and ionic strength of buffer. The effect of changing the pH of buffer on the selectivity and retention time of the studied drug was investigated using different pH values ranging from 2.5 to 6.5. Since mesna contains an ionizable -SH group, the acidic pH will make the analyte in its neutral form in order to potentially enhance the selectivity and resolution between drug and its degradation products. Therefore, pH 3.0 was selected as the optimum pH giving well-separated symmetrical peaks for the drug and degradation products in reasonable time. In order to study the effect of changing the ratio of organic modifier on selectivity and retention time, mobile phases containing (40, 20 and 10%) of methanol were tried. It was found that peak skewing occurred with increase in the ratio of methanol in mobile phase while it has a slight effect on retention time. A mobile phase containing 10% methanol is suitable to give a sharp symmetric peak within a short analytical runtime with reasonable resolution and excellent sensitivity. The effect of changing the ionic strength of phosphate buffer on chromatographic performance was investigated using mobile phases containing concentrations of 15, 20 and 33 mM of phosphate buffer. Consequently, it was found that increasing the buffer strength resulted in increasing mesna retention relative to the degradants, and improving peak shape so that 33 mM buffer was the best compromise in terms of run time, efficiency and peak symmetry. The effect of flow rate of mobile phase on the separation of the studied drug was investigated and a flow rate of 1 mL/min was found to be the optimal one resulting in a good separation within a reasonable time. The effect of changing column temperature on chromatographic performance was studied using column temperatures of 25, 35 and 408C and it was found that increasing the temperature poorly shortens the retention times for mesna and its degradants, with minor selectivity changes. Therefore, ambient temperature (258C + 2) was chosen because of improvements in column efficiency.
After optimization of the aforementioned variables, best peak shape and lowest peak tailing were achieved with well-defined peaks and good sensitivity within reasonable analytical run time. It was observed that satisfactory resolution of mesna (retention time of 2.2 min) and its degradation products (retention time of 2.9, 2.7, 2.8, 2.7 and 2.6 min for acidic, alkaline, oxidative, thermal and photo degradates, respectively) formed under various stress conditions was achieved when analysis of stressed samples was performed on an HPLC system using RP amide C 16 column (150 Â 4.6 mm, 5 mm) and a mobile phase composed of methanol/phosphate buffer with pH 3, 10:90 (v/v). The detection was carried out at 210 nm. The mobile phase flow rate was 1 mL/min. Figure 1 shows typical HPLC chromatograms of mesna in drug substance and in two pharmaceutical preparations with retention time of 2.25 min.
Method validation
Validation of the proposed method was assessed according to the ICH Q2 (R1) recommendation (21) . The method was validated for parameters such as linearity and range, detection limit, quantitation limit, specificity, accuracy, precision, robustness and system suitability. Stability of the sample solution was also determined.
Under the optimum chromatographic conditions, the concentrations of mesna were proportional to the average peak areas; in concentration range 50 -1000 mg mL 21 , by adopting the external standard method for calibration.
The regression equation was computed and found to be:
where A is the average peak area, C is the concentration of mesna in mg mL 21 , and r is the correlation coefficient. Statistical analysis (22) of the data gave high values of correlation coefficient (r) 0.9998, small values of the standard deviations of residuals (Sy/x) 2537, of intercept (Sa) 7.71 and of the slope (Sb) 0.012 and small values of percentage relative standard deviation and percentage relative error 25.15. These data proved the linearity of the calibration graph. Small values figure out to the low scattering of the points around the calibration graph and proved the linearity of the method over the specified concentration.
The linearity performed above was used for the determination of limit of quantification and detection. Residual standard deviation (s) method was applied and the LOQ and LOD values were predicted using the following formulas (a) and (b) and established the precision at these predicted levels.
where s ¼ residual standard deviation of response and S ¼ slope of the calibration curve. The calculated LOQ and LOD were found to be 22.74 and 7.50 mg mL
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, respectively. The forced degradation studies were conducted by subjecting the studied drug in its raw material and drug products to different stress conditions as acid and alkaline hydrolysis, oxidation, photo and thermal degradation. Specificity of the current method was demonstrated by good separation of the drug as well as its degradation products with adequate resolution. Figures 2 and 3 show chromatograms of the stressed degraded drug substance and product where peaks are symmetrical and clearly separated from each other. Mesna was observed to be significantly liable to alkaline and oxidative degradation more than others. On the other hand, resistance was manifested to acidic hydrolysis, thermal hydrolysis, even at high temperature (908C), and to photo degradation as well.
Additional photodiode array data was collected for the purposes of the peak purity evaluation. Diode array detection peak purity tests showed that no peak interfered with the mesna peak as depicted in Figure 4 .
The stressed samples were assayed against a qualified reference standard of mesna. The mass balance (% assay þ % degradation products) in all stressed samples tested was close to 100% (Table I ). The assay of mesna is unaffected in the presence of its degradation products which confirm the stability indicating the power of the method.
Precision of the assay was determined in relation to repeatability and intermediate precision. Repeatability was assessed through replicate analysis of drug samples of 200, 400 and 600 mg mL 21 . Each concentration was analyzed three times.
The mean percentage recoveries are shown in Table II Table II. The accuracy of the proposed method for the determination of mesna in its drug substance was found to be 101.17 + 0.54. Statistical comparison (22) of the obtained results with those obtained using the official titrimetric method (15) with 100.70 + 0.28 revealed no significant differences between the performance of the two methods regarding accuracy and precision. Regarding Student's t-test and the variance ratio F-test, their values were 1.21 and 6.95, respectively, compared to the tabulated ones 2.44 and 19.24, respectively, at P ¼ 0.05. ), where the purity factor for mesna peak is 999.91, threshold is 999.97 and (B) its oxidative degradant, where the purity factor for degradation peak is 999.84, threshold 999.97.
According to the ICH guidelines (21), system suitability tests are an integral part of liquid chromatographic methods in the course of optimizing the conditions of the proposed method. System suitability test parameters must be checked to ensure that the system is working properly during the analysis. Method performance data including capacity factor (k 0 ), selectivity (a), resolution (RS), tailing factor and theoretical plates are listed in Table III . All of the previous parameters were satisfactory and indicative pointing out the good specificity of the method for the assessment of mesna stability.
In order to demonstrate the robustness of the method, system suitability parameters were verified by making deliberate changes in chromatographic conditions, i.e., change in flow rate by +0.1 mL min 21 , change in pH of the buffer by +0.2 units, change in column oven temperature by +58C, change in detector wavelength by +2 nm and change in organic composition of mobile phase by +2% absolute. The method was demonstrated to be robust over an acceptable working range of its HPLC operational conditions except the change in detector wavelength where response area shows dramatic decrease at higher wavelength reducing the method sensitivity. Hence it was concluded that the method is sensitive to the detector wavelength.
No significant changes were observed in standard solution response, relatively to freshly prepared standards through quantification of mesna on five successive days. The solutions were stored at ambient temperature and tested at intervals of 0, 2, 4 and 5 days. The responses for the aged solutions were evaluated compared to freshly prepared standards. The obtained results manifested that sample and standard solutions retained a potency of 100.0 + 2.0% as compared to the fresh solution up to 5 days.
Pharmaceutical application
Satisfactory results were obtained through the determination of mesna in two different drug products proved to be in good agreement with those of the comparison methods (23, 24) (Table IV) . Moreover, the standard addition technique was applied to assess the accuracy of the proposed method (Table V) . The obtained results ensure that the excipients in pharmaceutical formulations do not interfere during the analysis of the studied drug in its drug products.
Discussion
To the best of our knowledge, there is no stability indicating method described for the determination of mesna till now. The proposed method is depending on HPLC analysis of the native drug substance as well as its pharmaceutical preparations without any derivatization steps. Therefore, the present work overcomes the drawbacks of initial derivatization step either in HPLC or in spectrophotometric methods (4 -8, 11) . Moreover, it is considered a direct specific method for the determination of mesna in drug substance and drug product where there is no reported HPLC method for the determination of mesna in injection product till now.
Furthermore, mesna was successfully separated and analyzed in the presence of its degradation products. Based on the aforementioned results, mesna shows higher resistance to acidic, thermal and photo degradations, however, it is more liable to the alkaline and oxidative ones.
Conclusion
The proposed method is simple, accurate, validated and reliable HPLC method that can simultaneously separate and quantitate mesna in the presence of its degradation products. The method has several advantages, including rapid analysis, simple mobile phase with low concentration of organic solvent decreasing the environmental hazards, simple sample preparation and improved sensitivity. It is suitable for the analysis of mesna either alone or in pharmaceutical preparations as the excipients show no interference within the HPLC analysis. The speed of analysis and its simplicity make the method suitable for routine analysis of mesna in quality-control laboratories. 
